• CONCLUSION: Manually removed ALC shows slightly, but not significantly larger damage due to the mechanical stretching and pulling of the capsule than those removed using FLAC.
INTRODUCTION
C ataract is a common, multifactorial, age-related pathology with a high incidence among elderly people. Since the development of phacoemulsification, cataract surgery has undergone major improvements. From 2009, laser-assisted anterior capsulotomy with femtosecond laser system is also used. Initially from 2001, this technology dramatically changed the refractive surgery and it was widely used in the laser in situ keratomileusis [1] [2] . Today, the goal of cataract surgery is to achieve near emmetropia. Femtosecond laser technology can deliver remarkable gains in reproducibility, centration, and safety in cataract surgery [3] [4] [5] [6] . Regarding the incidence of posterior capsule opacification which is the most common postoperative complication following capsulotomy, results of different studies are contradictory. Investigations showed that laser-assisted surgery is not significantly better than manual capsulotomy, while others warn that femtosecond laser could increase the risk of this novel postoperative complication [7] [8] [9] [10] [11] . Secondary cataract develops by the migration and proliferation of residual lens epithelial cells after extracapsular cataract extraction. These residual lens epithelial cells become immature cells, and in addition to their proliferating ability, they undergo a large increase in cell volume. In the absence of normal lens architecture, these enlarged cells can take on a globular shape. The presence of crystallin-rich Elschnig pearls at the rear of the lens capsule interferes with vision due to light scattering [12] . A number of clinical studies focus on the cut surface, on the intraocular lens decentration parameters, or on the continuous curvilinear capsulorhexis (CCC) parameters that effect intraocular lens centration when manual or laser assisted methods are compared [13] [14] [15] . Little is known about the changes of the lens epithelial cells following capsulotomy using the two different methods. According to Mayer et al [16] , epithelial cells on the cutting surface of the removed anterior lens capsule (ALC) are affected differently when femtosecond laser-assisted capsulotomy (FLAC) and manual capsulotomy (manual CCC) were performed. Detection of apoptotic epithelial cells at the cut surface of the capsule with the TUNEL method indicated that more cells have undergone apoptosis using FLAC when compared to manual CCC [16] . In addition to the cells on the cut edge of the removed ALC, cells locating medially of the cutting may also be affected by the surgery. The deleterious effect of the mechanical damage on epithelial cells due to surgery, and its consequence on the increased cell proliferation rate was also observed in other organs [17] . It is plausible that the mechanical damage caused by the removal of the ALC may induce the formation of secondary cataract through the dedifferentiation and increased proliferation rate of the residual epithelial cells. We hypothesize that the damage caused by FLAC and manual CCC can be different. However, the effect of these surgical methods on residual epithelial cells cannot be directly examined in human. Alternatively, study of the epithelial cells of the removed ALC is a useful method to get information about the changes that occur in the residual epithelial cells. Therefore, in this work light microscopic and ultrastructural morphological alterations were detected in the epithelial cells of the removed ALC. In addition, expression of genes coding proteins related to cell proliferation (cyclin D1) and apoptosis, such as pro-apoptotic p53 and anti-apoptotic Bcl-2 were studied. Following dehydration with ethyl-alcohol, samples were washed and placed in propylene oxide and then embedded in Durcupan resin (Sigma, Budapest, Hungary). Semithin sections were stained with toluidine-blue and examined with light microscope. Ultrathin sections were placed on mesh grids, and contrasted using solutions of lead-citrate and uranylacetate and examined in a JEOL JEM 1200EX transmission electron microscope (TEM). Photographs were taken digitally with the iTEM software (Olympus, Japan).
SUBJECTS AND METHODS

Gene Expression Analyses Using Real-time Reverse
Transcriptase Polymerase Chain Reaction After removal, ALC were immersed into SAGM TM cell culture medium (Lonza, Basel, Switzerland) that contains all the ingredients that are necessary for the survival of human epithelial cells. From ALC total mRNA was isolated using NucleoSpin RNA Kit (Macherey-Nagel) within 24h following removal. 
RT-PCR n=5 n=5
Light microscopy n=7 n=8
Electron microscopy n=1 n=4
RT-PCR: Reverse transcription polymerase chain reaction.
cDNA was synthesized using High Capacity cDNA Kit (Life Technologies, Budapest, Hungary). Reverse transcription polymerase chain reaction (RT-PCR) was performed using a StepOnePlus TM and Real Time PCR System (Life Technologies, Budapest, Hungary) to quantify the PCR product once per cycle. Reaction consisted of 1 μL of each primer (in a final concentration of 500-500 nmol/L), 10 μL 2× SensiFAST SYBR Hi-ROX master mix (Bioline Reagents Ltd., USA) in a 20 μL final volume. The following pairs of primers were used: p53, Bcl-2, cyclin D1 (Table 2) . Relative product quantities were determined using StepOne Software and the Livak analysis method. β-actin was used as endogenous control.
Quantification of Data and Statistical Analysis
Expression of the genes were measured using RT-PCR analysis in both group and relative expression were compared to β-actin. Quantification and melting curve analysis were performed using StepOnePlus TM and Real Time PCR quantification software 4.1. Degenerating cell number was determined on toluidineblue-stained semithin sections in both groups, using light microscope (40×magnification). All the cells and those with degenerating morphology along the removed ALC were counted and the percentage of cells with degenerating morphology was determined. DAPI stained and the p53-immunoreactive cells were counted separately on the entire thickness of the whole mount preparation in both groups (ten pictures were taken from every sample). The percentage of anterior lens epithelial cells expressing p53 protein was determined. Data were presented as mean±standard error of measurement (SEM), and statistical significance was set using Student t-test analysis.
RESULTS
Examination of toluidine blue-stained sections of the ALC using light microscopy clearly showed two types of cells in both groups. One of these was a cell with normal, light staining of the nucleus and cytoplasm ( Figure 1A, 1C ). These cells were normal appearing cuboidal epithelial cells with round nuclei, and we could see apparently well-preserved junctions between the neighboring cells and between the cells and the capsule ( Figure 1C ). The other cell type was characterized by a darker staining in both the nucleus and the cytoplasm ( Figure  1D , 1E). In many cases, loss of the cuboidal shape of lens epithelial cells and the shrinkage of the cytoplasm were seen ( Figure 1B ). In addition, detachment of the lens epithelial cells from the capsule was observed (arrow on Figure 1E ). Shrunken dark cells frequently contained vacuoles in their cytoplasm ( Figure 1D ), indicating the presence of swollen intracellular organelles. These morphological characteristics indicate severe cell damage. ALC removed by manual CCC and with FLAC contained epithelial cells with both normal and damaged morphology indicating that both methods induce certain level of cell damage. Apparently, more damaged (darker, shrunken) cells were seen in the ALC removed by manual CCC than after FLAC. In order to get more accurate information about the morphological differences caused by manual CCC and FLAC, we performed TEM. In the manually removed ALC, severe morphological alterations of the nuclei were observed. In contrast to the round nuclei of the control ALC that mostly could be observed in group 2 (Figure 2A ), the shape of the nuclei in group 1 were irregular due to shrinkage, while the nuclear membrane remained intact ( Figure 2B ). Regarding the cytoplasm, difference could be seen between the cells of groups 1 and 2. In group 2, most of the cells contained well-preserved organelles in the relatively light cytoplasm (Figure 2A, 2C, 2E ), while in group 1, electron dense cytoplasm contained shrunken organelles ( Figure 2B, 2D) . Due to the shrinkage of the cells, that is frequently observed in group 1, disruption of cellcell and cell-extracellular matrix junctions was observed. In contrast to the well-preserved, control-like junctions between epithelial cells of group 2 ( Figure 2E ), separation of cells by large gaps between them could be seen in group 1 ( Figure 2F ). Even the apparently preserved junctions on the apical part of the cells by overlapping processes revealed abnormality. Many junctions were formed by processes of cells with dark cytoplasm, indicating that the junction is formed by damaged cells. Quantification of the rate of cells with degenerative profiles was performed on the whole ALC on semithin sections. We have found that in the manual CCC specimens 85.39% of the cells presented degenerative signs, in the FLAC only 77.82%, however, the difference between the two groups was not statistically significant. Based on the detected morphological changes, we assumed that apoptosis is responsible for observed cell degeneration of ALC. Therefore, we performed the RT-PCR to determine the level of expression of genes playing a role in apoptotic cell death, cell proliferation and survival. Slightly lower expression of cyclin D1 was detected following manual CCC compared to FLAC but the difference was not significant. Anti-apoptotic Bcl-2 expression levels were reduced in the manual CCC group compared to FLAC. In harmony with this, we have found an increased level of proapoptotic p53 mRNA in the manual CCC specimens compared to those removed using FLAC (Figure 3 ), although the difference was not statistically significant. Therefore, we performed immunohistochemistry on whole mount preparation to detect p53 protein. In both groups we detected intense staining of the epithelial cells in the peripheral area of the ALC ( Figure 4A , 4B), which gradually became weaker towards the central area. Following manual CCC, 48.5% of the cells showed immunoreactivity to p53. In contrast, in case of FLAC, p53 reactivity was present only in 31.42% of the cells, and the difference between the two groups was significant (P=0.019).
DISCUSSION
The goal of our study is to compare morphological and molecular changes induced during manual CCC and FLAC in order to obtain information about the potential effect of these methods in the formation of posterior capsule opacification. In addition to the light and electron microscopic signs of ALC cells' damage, we measured the expression level of the several genes playing a role in cell death and survival. Morphological examination and quantification of cells with degenerating morphology revealed that manual CCC induces stronger cell damage than FLAC. The majority of cells with the signs of degeneration clearly showed the morphological features of apoptosis, such as the shrinkage and darker staining of the cytoplasm and the nucleus. These light and electron microscopic notions were in harmony with our molecular biological results and the p53 immunohistochemistry.
Although the results' differences were not significant, the expression of the pro-apoptotic p53 gene expression was higher in manual CCC samples than in FLAC. The higher expression of p53 gene was accompanied by a higher level of p53 protein in the ALC epithelial cells after manual CCC than compared to that after FLAC. The p53 expression was detected in the cytoplasm and not in the nuclei of the epithelial cells, which indicates the synthesis (translation) of the p53 transcription factor and not yet it's binding to the DNA. However, we cannot exclude that a low amount of p53 protein was already present in the nucleus bound to the relevant enhancers. Previous studies have shown that epithelial cells became TUNEL positive after cataract surgery, indicating apoptosis [16, [18] [19] [20] . Two of these studies have shown lower number of apoptotic cells after manual CCC than after FLAC, and their goal was to present that cell damage depends on the energy used for the FLAC [16, 20] . Their results are apparently in contradiction with to our present observations. The explanation for this can be that being a transcription factor, p53 can induce several processes, not only apoptosis. Depending on the damage, it can stop the cell cycle or can stimulate DNA repair, and, finally, when it is not avoidable, it induces apoptosis. We can suppose that the epithelial cells of our samples were mildly affected in both groups, and this mild damage does not induce immediate apoptosis, only arrest of the cells in G1 phase of the cell cycle, or DNA repair. Since we could observe only the elevated p53 mRNA and the presence of p53 protein product in the cytoplasm most probably during its synthesis, the exact role of p53 in our samples, e.g. whether it induces apoptosis or repair, is not clear. Expression of another apoptosis-related gene, the anti-apoptotic Bcl-2 did not differ significantly between the two groups, although it was slightly higher following FLAC than after the manual method. Since Bcl-2 protein is downstream to p53 in the apoptotic pathway, it is plausible that the major function of p53 in ALC is not the induction of apoptosis but the arrest of the cell-cycle. In harmony with this, the cell proliferation marker cyclin D1 expression was slightly lower in manual CCC than in FLAC. In addition, the time-window needed for the removal of the ALC plus the time that lasts until mRNA is isolated from the cells may be too short for the whole apoptotic process. However, the transcription and translation of p53 can occur. According to a study performed in rat lenses, thirty minutes after the injury the mRNAs and proteins of another transcription factor-prototypical early response gene productswere already expressed [21] . In harmony with our results, it indicates a very fast and robust change in the gene expression of ALC following capsulotomy. In this study we detected morphological and gene expression profile changes of epithelial cells of the removed anterior capsule using two different methods for the removal, manual CCC and FLAC. We propose that similar alterations may occur during and after the surgery in the residual lens epithelial cells and the damage caused by capsule removal may induce those pathways that can trigger the epithelialmesenchymal transformation (EMT) of residual capsular epithelial cells that eventually results in fibrosis and posterior capsule opacification [22] . Several studies indicated the central role of transforming growth factor-beta (TGF-β) signaling in EMT of lens epithelial cells and in the formation of posterior capsular opacification [23] [24] [25] [26] [27] . In addition, TGF-β is a key molecule in mechanotransduction, by which mechanical effects induce adaptive internal cellular changes in epithelial cells [28] . This means that mechanical effects that was induced either by manual CCC or FLAC activate TGF-β, and thereby induce intracellular transduction pathways that participate in pathological reactions such as EMT. We have to emphasize that morphological and molecular changes of the posterior capsule cannot be examined in human following cataract surgery. However, it is possible to examine the changes of the anterior capsule epithelial cells following the removal of the capsule, and information of the possible changes in the posterior capsule can be deduced from the changes that were found in the removed anterior capsular cells. While previous studies examined only the cutting rim of the removed anterior capsule [15] [16] 29] , we used whole mount preparation that allowed us to examine, in addition to the cutting rim, the changes of those cells that are several millimeters far from the cut. With both light and electron microscope, as well as with p53 immunocytochemistry, we could detect morphological changes and alteration of protein expression in the epithelial cells that locate overall including the central area of the removed anterior capsule. We can propose that if we can see changes in cells that locate several millimeters far from the cutting rim in the removed capsule, similar remote changes can be found in those cells that remain in the lens close to its equator. We observed stronger changes in the anterior lens epithelial cells following manual CCC, most probably because of the pulling and stretching of the anterior capsule. Among these changes disruption of cell-extracellular matrix (e.g. cell-capsule) junctions was frequently seen following manual CCC that can trigger TGF-β signaling and result in EMT of the residual epithelial cells [30] . This indicates that the stronger deleterious effect of manual CCC may result in a slightly higher level of posterior capsule opacification in harmony with results of clinical observations [10] . Since we detected the immediate effect of FLAC or manual CCC, the exact role and the extent of contribution of the detected molecular and morphological changes in acquiring the proliferative capacity of residual epithelial cells and the formation of posterior capsular opacification need further studies. We have to emphasize that the difference in the expression of genes related to apoptosis, cell survival and proliferation were for the most part insignificant following manual CCC and FLAC, therefore both methods appear to be fully suitable for the removal of the ALC in age-related cataract.
